Award  Number: 


DAMD17- 00 -1-0403 


AD 


TITLE:  Impact  of  Disrupted  Brca2  Protein- Protein  Interactions  on 

DNA  Repair  and  Tumorigenesis 


PRINCIPAL  INVESTIGATOR:  Christopher  J.  Sarkisian 

Lewis  A.  Chodosh,  Ph.D. 

CONTRACTING  ORGANIZATION:  University  of  Pennsylvania 

Philadelphia,  Pennsylvania  19104-3246 

REPORT  DATE:  July  2002 

TYPE  OF  REPORT :  Annual  Summary 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE  |  oMSNa g, 

reduang  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302  and  to  the  Office  of 
Management  and  Budget,  Fapemork  Reduction  Protect  (0704-01 88),  Washington,  DC  20503  ’ ano  10  ine  umce  0T 

1 .  AGENCY  USE  ONLY  {Leave  blank)  2,  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

_ _  July  2002 _ Annual  Summary  (1  Jul  01  -  30  Jun  02) 

TITLE  AND  SUBTITLE  [5.  FUNDING  NUMBERS - 

Impact  of  Disrupted  Brca2  Protein-Protein  DAMD17-00-1-0403 

Interactions  on  DNA  Repair  and  Tumorigenesis 


6.  AUTHOR(S)  : 

Christopher  J.  Sarkisian 
Lewis  A.  Chodosh,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Pennsylvania 
Philadelphia,  Pennsylvania  19104-3246 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


E-Mail:csarkisi@mail,med,upenn.edu 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S,  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 
Approved  for  Public  Release;  Distribution  Unlimited 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  Words)  ~  ~  1 

In  this  report,  we  have  investigated  the  effects  of  overexpression  of  active  Ras 
within  the  mammary  epithelium.  Using  the  tetracycline-inducible  system,  we  have 
generated  a  line  of  mice  which,  when  also  bearing  rtTA  transgene  expressed  under 
control  of  the  MMTV  LTR,  inducibly  express  active  H-Ras  in  the  mammary  epithelium 
in  response  to  the  drug  doxycycline.  We  have  shown  that  the  mammary  epithelium 
undergoes  a  large  amount  of  proliferation  in  response  to  Ras.  Removal  of 
doxycycline  abrogates  the  hyperplastic  phenotype  and  restores  a  normal  gland 
within  60  days.  We  have  also  shown  that  pathways  downstream  of  Ras  are  activated, 
such  as  the  Raf/MEK/MAPK  pathway.  Furthermore,  the  pl9/p53/p21  pathway  is  also 
activated  in  response  to  Ras. 


14.  SUBJECT  TERMS  '  - - 

Brca2,  DNA  repair,  protein  interactions,  tumorigenesis,  breast 


15.  NUMBER  OF  PAGES 

_ 13 _ 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  I  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  |  Unclassified  _ Unclassified  Unlimited 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-1 8 
298-102 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are  those  of 
the  author  and  are  not  necessarily  endorsed  by  the  U.S.  Army. 

_  Where  copyrighted  material  is  quoted,  permission  has  been  obtained  to 

use  such  material. 

_  Where  material  from  documents  designated  for  limited  distribution  is 

quoted,  permission  has  been  obtained  to  use  the  material. 

_  Citations  of  commercial  organizations  and  trade  names  in  this  report 

do  not  constitute  an  official  Department  of  Army  endorsement  or  approval 
of  the  products  or  services  of  these  organizations . 

X_  In  conducting  research  using  animals,  the  investigator (s)  adhered  to 
the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared  by  the 
Committee  on  Care  and  use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Resources,  national  Research  Council  (NIH  Publication  No.  86- 
23,  Revised  1985)  . 

X_  For  the  protection  of  human  subjects,  the  investigator (s)  adhered  to 
policies  of  applicable  Federal  Law  45  CFR  46. 

N/A  In  conducting  research  utilizing  recombinant  DNA  technology,  the 
investigator (s)  adhered  to  current  guidelines  promulgated  by  the  National 
Institutes  of  Health. 

N/A  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules. 

N/A  In  the  conduct  of  research  involving  hazardous  organisms,  the 
investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


PI  -  Signature 


Date 


Table  of  Contents 


Cover..,,....,.. . . . . . . . 

SF  298 . . . . . . . . 

...........  9 

Foreword . . . . . 

..................  % 

Table  of  Contents........ . . . . . . 

....................  4 

Introduction . . . . 

..................  5 

Body.............. . . . . . 

Statement  of  Work . . . . 

......... 

Key  Research  Accomplishments . . . . 

Reportable  Outcomes......................................... 

. . . . tlMil 

Conclusions . 

..................  19 

References...... . . . . 

. . . . ..13 

Appendices . 

4 


INTRODUCTION 


The  small  GTPase  protein  Ras  is  one  of  the  most  commonly  mutated  genes  in  human  cancers.  Over 
20%  of  human  cancers  harbor  activating  mutations  in  one  of  three  Ras  family  members,  H-,  K-,  or  N-Ras(l). 
Ras  is  a  signal  transducer  known  to  be  downstream  from  numerous  cell  surface  receptors,  among  them 
molecules  implicated  in  breast  cancer  such  as  the  EGFR  and  erbB2  receptor  tyrosine  kinases(2,3).  Stable 
transfection  of  Ras  into  NIH3T3  cells  will  transform  them  into  malignant  sarcomas,  and  female  mice 
constitutively  expressing  activated  H-Ras  under  the  control  of  the  MMTV  promoter  develop  mammary 
carcinomas(4,5).  Blockade  of  Ras  signaling,  in  contrast,  is  inhibitory  to  cell  growth  in  cultured  cell  lines  and 
can  inhibit  tumor  growth  in  vivo(6,7). 

In  direct  contrast  to  results  obtained  using  immortalized  cell  lines,  retroviral  infection  of  Ras  into 
primary  murine  embryonic  fibroblasts  (MEFs)  has  been  shown  to  induce  a  short  period  of  proliferation, 
followed  by  a  growth  arrest  that  shares  many  features  with  cellular  senescence(8).  Moreover,  the  growth  arrest 
activated  by  Ras  has  also  been  shown  to  require  functional  p53  and  INK4a/ARF  pathways(8).  The  genetic  loci 
encoding  these  proteins  are  the  two  most  commonly  mutated  loci  in  human  cancers,  suggesting  the  mechanism 
underlying  Ras-induced  growth  arrest  may  be  an  essential  tumor  suppressive  mechanism  present  within  cells. 

Normal  MEFs  cultured  in  vitro  arrest  growth  prior  to  telomere  dysfunction,  thought  to  be  due  to 
genotoxic  stress  arising  from  hyperoxic  culture  conditions(9).  The  senescent-like  phenotype  caused  by  Ras 
overexpression  in  primary  cells  also  occurs  with  normal  telomere  function(10,l  1).  It  is  therefore  fair  to 
question  whether  Ras-induced  senescence  in  fact  represents  an  innate  protective  mechanism  against  the 
activation  of  a  potent  oncogene,  or  merely  the  extension  of  an  artifact  of  in  vitro  culture  conditions.  To  address 
this  requires  the  overexpression  of  Ras  in  somatic  tissues  in  vivo,  and  the  determination  of  whether  any 
senescent  response  occurs  in  the  cells  expressing  Ras.  We  have  generated  a  line  of  mice  capable  of  inducibly 
overexpressing  activated  H-Ras  within  the  mammary  epithelium.  Using  this  line  of  mice  we  will  determine  if 
growth  arrest  and/or  apoptosis  occurs  in  the  mammary  epithelium  in  response  to  activation  of  Ras.  We  will  also 
determine  if  markers  of  senescence  are  detectable  in  Ras-expressing  cells.  Finally,  we  will  breed  MTB/TRAS 
mice  to  p53  knockout  mice  to  determine  if  a  p53-dependent  growth  arrest  occurs  in  response  to  Ras. 
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BODY 


The  goals  of  my  pre-doetoral  fellowship  “Determination  of  a  Senescent  of  Response  to  Oncogenic  Ras 
Mutation  in  Vivo ”,  are  to  1)  Generate  a  line  of  mice  inducibly  expressing  activated  Ras  within  the  mammary 
epithelium,  2)  Characterize  the  proliferative,  apoptotic,  and  senescent  responses  of  mammary  epithelial  cells  to 
activated  H-Ras,  and  3)  Determine  if  the  phenotype  induced  by  activated  H-Ras  is  dependent  on  p53. 

We  have  previously  generated  a  line  of  mice,  designated  MTB,  which  express  the  reverse  tetracycline 
dependent  transactivator  (rtTA)  under  control  of  the  mouse  mammary  tumor  virus  (MMTV)  LTR(12).  MTB 
female  mice  express  rtTA  within  the  mammary  epithelium  and  salivary  gland  but  in  no  other  organs(12).  We 
have  also  generated  a  line  of  mice  harboring  a  transgene  that  expresses  viral  activated  H-Ras  under  control  of 
the  tetracycline  operon,  called  the  TRAS  line  of  mice.  In  response  to  the  drug  doxycycline,  bitransgenic 
MTB/TRAS  mice  rapidly  and  inducibly  express  active  H-RAS  within  the  mammary  gland  at  the  RNA  and 
protein  levels  (data  not  shown).  The  transcript  expressing  H-Ras  also  contains  an  IRES-Luciferase  cassette 
such  that  Luciferase  expression  may  be  used  as  a  surrogate  for  transgene  expression.  Luciferase  assays  of 
umnduced  and  induced  mice  have  verified  that  uninduced  bitransgenic  mice  express  luciferase  levels  near  those 
of  control  monotransgenic  mice,  while  induced  MTB/TRAS  mice  have  a  large  induction  of  luciferase  activity 
(data  not  shown).  Luciferase  activity  was  detectable  at  such  levels  only  within  the  mammary  and  salivary 
glands  (data  not  shown).  We  therefore  conclude  that  the  MTB/TRAS  system  represents  a  useful  way  to 
specifically  and  inducibly  express  H-Ras  within  the  mammary  epithelium. 

To  verify  that  the  Ras  transgene  expressed  is  biologically  active,  we  have  examined  the  levels  of 
activation  of  pathways  known  to  be  downstream  of  Ras.  Perhaps  the  best  characterized  pathway  that  is 
downstream  of  Ras  is  the  MAP  kinase  pathway.  Immunoblots  for  phospho-MEK  and  phospho-ERK 
demonstrated  that  these  pathways  are  activated  within  24  hrs  of  Ras  activation  by  dox.  Furthermore, 
specifically  immunoprecipitating  the  GTP-bound  form  of  Ras,  which  is  the  active  form  of  Ras,  demonstrates 
that  while  total  levels  of  Ras  increase  only  several  fold  in  response  to  dox,  the  levels  of  GTP-bound  Ras 
increase  dramatically  in  response  to  dox. 
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Figure  1  -  MTB/TRAS  mammary  gland  protein  extracts  from  mice  induced  with  0.05  mg/mL  dox  for  varying 
amounts  of  time  were  immnuoblotted  with  antibodies  to  the  indicated  proteins  from  the  Ras/MAPK  pathway 
(A),  or  p53  pathway  (B). 

MTB/TRAS  bitransgenic  mice  experience  a  dramatic  mammary  epithelial  growth  in  response  to 
induction  of  Ras.  Carmine  stained  whole  mounts  of  mammary  glands  induced  with  doxycycline  show  that 
mammary  epithelium  initially  has  a  large  burst  of  proliferation  during  the  first  4-8  days  of  induction,  followed 
by  a  phase  of  contraction  of  the  mammary  epithelium  into  a  spheroid  structure  from  approximately  8-30  days. 
We  will  determine  if  a  senescent  growth  arrest  is  occurring  within  the  mammary  gland  during  this  phase  of 


MTBH'RAS  Induced 


MTB/TRAS  Unfnduced  MTB  Induced 


Figure  2  -  Whole  mounts  of  inguinal  mammary  glands  from  MTB/TRAS  mice  induced  for  the  indicated  times 
with  0,05  mg/mL  dox  were  stained  with  carmine  (left  panels)  or  sectioned  and  stained  with  hemotoxylin  and 
eosin  (right  panels) 

induction.  To  determine  whether  there  is  a  senescent  or  apoptotic  response  to  the  Ras  in  these  cells,  we  are 
performing  BrdU  and  TUNEL  analysis  on  mammary  gland  sections  from  24  hr,  96  hr,  dl4,  and  d30  of  dox 
induction  to  define  the  proliferative  and  apoptotic  events,  respectively,  that  occur  following  transgene  induction. 

One  of  the  hallmarks  of  Ras-induced  senescence  in  fibroblasts  is  that  activation  of  the  p53  tumor 
suppressor  occurs  due  to  induction  pl9ARF,  an  inhibitor  of  Mdm2,  which  in  turn  acts  as  an  ubiquitin  ligase  for 
p53.  We  wished  to  determine  if  these  proteins  were  activated  in  response  to  H-Ras.  hnmunoblots  for  pl9,  p53 
phospho-serine  15,  and  the  p53  target  gene  p21WAFl/CIPl  show  that  the  p53  pathway  is  indeed  activated  in 
the  mammary  epithelium,  with  maximal  activation  of  the  pathway  occurring  8-14  days  post-induction  with  dox. 
We  will  also  look  for  additional  markers  of  senescence  in  mammary  glands  from  induced  MTB/TRAS  mice, 
including  increased  PAI-1  RNA  levels  and  increased  senescence-associated  P-galactosidase  activity. 

Finally,  we  will  determine  if  p53  regulates  Ras-induced  growth  arrest  in  vivo.  Senescence  is  thought  to 
be  a  p53-dependent  protective  mechanism  against  tumorigenesis,  by  arresting  the  growth  of  cells  containing 
oncogenic  mutations.  We  will  breed  MTB/TRAS  mice  to  p53  null  mice,  and  generate  MTB/TRAS/p53-/-  mice. 
We  will  determine  the  levels  of  proliferation  and  apoptosis  in  these  mice  by  performing  BrdU  and  TUNEL 
analyses  on  uninduced,  d4,  and  dl4  induced  mammary  tissue.  MTB/TRAS/p53-/-  mammary  glands  when 
induced  with  doxycycline  would  be  predicted  to  have  an  increased  growth  rate  compared  to 
MTB/TRAS/p53+/+  glands  upon  induction  with  Ras,  as  senescence  has  been  shown  in  fibroblasts  to  be  a  p53- 
dependent  process  and  p53  null  MEFs  become  transformed  upon  retroviral  infection  with  active  Ras. 

Mammary  glands  from  MTB/TRAS/p53-/-  and  MTB/TRAS/p53+/+  mice  will  be  transplanted  onto  syngeneic 
wild  type  hosts  for  induction,  if  MTB/TRAS/p53-/-  mice  develop  non-mammary  tumors  too  quickly  to  monitor 
mammary  epithelial  cell  growth  rates  in  response  to  Ras. 


8 


STATEMENT  OF  WORK 


Specific  Aim  1.  Generate  a  line  of  mice  inducibly  expressing  activated  Ras  within  the  mammary  epithelium: 
Months  12-24 

1.  Generate  bitransgenic  MTB/TRAS  mice  and  verify  tissue-specific  response  to  doxycycline:  Months  12- 
18 

2.  Determine  doxycycline  dose  responsiveness  of  MTB/TRAS  mice:  Months  1 8-24 

3.  Verify  that  the  MAP  kinase  pathway  is  activated  in  response  to  transgenic  Ras:  Months  18-24 

Specific  Aim  2.  Characterize  the  proliferative,  apoptotic,  and  senescent  responses  of  mammary  epithelial  cells 
to  activated  H-Ras:  Months  24-30 

1.  Characterize  proliferative  and  apopotic  rates  in  uninduced  and  induced  MTB/TRAS  mammary  glands: 
Months  24-30 

2.  Determine  activation  of  p53  and  pl9  pathways  in  uninduced  and  induced  MTB/TRAS  mammary  glands: 
Months  24-30 

3.  Determine  levels  of  PAI-1  and  senescence-associated  p-galactosidase  activity  in  uninduced  and  induced 
MTB/TRAS  mammary  glands:  Months  24-30 

Specific  Aim  3.  Determine  if  the  phenotype  induced  by  activated  v-H-Ras  is  dependent  on  p53:  Months  30-36 

1.  Generate  MTB/TRAS/p53-/-  and  MTB/TRAS/p53+/+  female  mice:  Months  30-36 

2.  Induce  above  mice  for  0,  4,  and  14  days,  and  compare  carmine  stained  whole  mounts  and  H  &  E 
sections  for  gross  differences  in  morphology:  Months  30-36 

3.  Determine  proliferation  and  apoptotic  rates  in  induced  MTB/TRAS/p53-/-  and  MTB/TRAS/p53+/+ 
mammary  glands:  Months  30-36 
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KEY  RESEARCH  ACCOMPLISHMENTS 


•  MTB/TRAS  female  mice  inducibly  express  active  H-Ras  within  the  mammary  and  salivary  glands 

•  The  MAP  kinase  pathway  is  activated  in  response  to  Ras  in  mammary  glands  from  MTB/TRAS  mice 

•  Mammary  glands  from  MTB/TRAS  mice  induced  to  express  H-Ras  develop  dramatic  increases  in 
epithelial  cell  number  based  on  gross  morphology  and  histologic  stains 

•  The  pl9/p53  pathway  is  activated  in  response  to  Ras  in  mammary  glands  from  MTB/TRAS  mice 
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REPORTABLE  OUTCOMES 
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CONCLUSIONS 


We  have  generated  a  bitransgenic  system  whereby  the  effects  of  activation  of  a  potent  oncogene,  v-H-Ras,  within 
the  adult  mammary  epithelium  may  be  determined,  MTB/TRAS  mice  specifically  and  inducibly  express  activated  H-Ras 
within  mammary  epithelia  of  MTB/TRAS  mice,  but  not  in  uninduced  bitransgenics  or  monotransgenic  mice. 
Furthermore,  we  have  demonstrated  the  the  Ras  transgene  expressed  is  biologically  active,  in  that  the  MAP  kinase 
pathway  is  activated  in  response  to  Ras  induction.  In  addition  to  the  MAP  kinase  pathway,  we  have  also  shown  that  the 
p53  pathway  is  activated  in  response  to  this  oncogene,  as  also  occurs  in  MEFs  in  vitro.  We  have  demonstrated  that  there 
is  an  initial  response  of  epithelial  proliferation  in  response  to  Ras,  although  the  chronic  effects  of  Eas  expression  in  the 
mammary  epithelium  remain  undetermined. 

Our  future  experiments  will  be  to  further  characterize  the  phenotype  of  MTB/TRAS  mammary  glands  exposed  to 
H-Ras.  We  will  examine  additional  markers  for  senescence  in  these  mice,  an  increase  in  PAI-1  RNA  and  in  senescent- 
associated  P-galactosidase  aetivity(13,14).  We  will  more  precisely  define  the  proliferative  and  apoptotic  status  of  the 
mammary  epithelium  in  response  to  Ras  by  performing  BrdU  and  TUNEL  analyses  on  MTB/TRAS  glands  induced  with 
dox  for  varying  amounts  of  time.  Finally,  we  will  determine  if  loss  ofp53  renders  MTB/TRAS  mice  increasingly 
susceptible  to  mammary  carcinogenesis  by  generating  MTB/TRAS/p53-/-  mice  and  analyzing  the  mammary  glands  for 
transformation  in  response  to  induction  with  Ras. 
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